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KaaHteSffi*^=5:< 1 1 uaait= <t -> "C «H L . ggg 

^M<7)****fi^0 — 2 0JH^fcLfcdk*1*at 

[18*82] ^£<£kJ£#ttfc^fc#^rW<-SK?> 

S^3*^£^*<fcfciiaW*=J:->-C8SiU 5 1 
4. 5 n raWiSMrffi^t^^yMMI^CJ: 

4 0—1 58 0 c m- l «7)^BSi (Ag) i:, e-?j£ 
B#l 320 — 1 3 60cm-'<OWIS (Ad) <DJt 
(Ad/Ag)#0. 0-0. 3£3:UtCh£#i&i:-r 

[f1?*>S3] lf*«1^2{cia*gL^3E7-o-7 r ^ 

{ ft *jr 5 ] 1 . 2 . 3 fts 4 tcism u^*aE7* 
mm t msmh & ^ ^tmm t cnmm, zm±VKzt 

[ft*JS61 UMBHl, 2, 3. 4BM5t=EttLfc* 

j h) j: oc u MMffliMmzmmm&mm. 



[0001] 
[0002] 

ISR^MtfO^Srsffl^-rS^trn-rSgSS:^ (Sea 
nning Probe Microscopy; SP 
M) tt£BtfHK8&WSK. SBB*tt<OWftfaS;<flffi$ 
*rcv»&. i^X'h^zy * itfrlV 1/t'a- 

5 6 ( 1 986^) J£9 3 0Sz>>£>3S9 3 3K (Ph 
ys. Rev. Lett. 56(1 986). P 
P. 930-933) CSEttS*lTV*£#>'*-U/f-Sl 
a^tfflV^flf^Fia^SWaa (Atomic Fore 
e Microscopy ;AFM) l£|g$Sefl:<753*®^ 

'J^—F/V K 7 -f ->'-/^^. 3 2(1 

993^)S290I*^293I(Jpn. J. 
AppI. Phys. 32 (1 993) PP. 290 
-29 3) iZtrnZh-Xit^Xdlz. jfcSEh^/WWS 
KScanning Tunnel ing Micro 
scopy : STM) tm#--2r*r£X, $mm<wm.t 

mm.tm.cr>m?ico 2 vst-? ••/ 1- y z t tfx-% 
t h*(= a f Mffl^^^iEtttc LT^#t ^ratcm 

(Meta 1 — Ox i de — Semiconducto 
r ; M O S ) «W^J« N?^? SrTOS-fk L fcflRtefl] 

it^: &fg^<7) u - l^m^ k mm^itxm 
£ix&. Minx, ry^-i f • y a -J -/??. ■ v?-, 

6 7 ( 1995^) »15 5 2IK*1 554I( 
Appl. Phys. Lett. 67 (1 99 5) 
PP. 15 52-1 5 54) C£ttS*l6 J: 3 tcjttiat 

mcmtp l 7t u v mzm\**& < *f uiifx u -jx 

hmzW, : k^tfX\si/Xh>-<'?-V Zftfct ht^-iti 
■ft&*?T774 h* • 7 4 V-,9X ■ 6 1(19 

9 2#) g2293IKI2295I(App 1 . 
Phys. Lett. 6 1 ( 1 9 9 2 ) P P . 2 2 9 

3-2295) izmmzh-zx p %mn&<r>A f M^t 
izm&zwwhzb. izi. <om%mT<wjx vmzn. 
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COO 0 3] 

-fxyx • T-tSni;-, x— 8 ( 1 9 90*) S3 3 
86SA>f>S3 3 9 6I(T. R. Albrecht 
et al. , J. Vac. Sci. Techno I. 
A8 ( 1 990) . P.P. 3 38 6-3 39 6) ^t=E 

mttis 'J 3 V^TS> 0 . ^SUgStv -v f x^fiWflflni 
fcttfB A F MBmitlSHs 'J n y. BMt 

< ■ U9-, 6 1 ( 1 9 9 2*> ?&2 

2 9 3B>£>3&2 2 955 (App 1 . Phys. L 
ett. 6 1 ( 1 992 ) PP. 2293-2 29 

5 ) J: 5 yW^>AB*«H Lfc 

■y 7 *0HBV v«B 2r 3 V ? 7 h aTHSiPJS) ■£ V ^tiUOXf 

6 a m\«> h \ mtmiz&m t,rz&gm&mmt,zmn t 

. *%fm S Wtt«ft«WSfflt IBBKife utr m& ' 
[0 0 04] -- 

y (/77T-fh) ± 0 C + trttif} LSraHWW ^ y 
t-'^-f (D i amond Like Carbo 

n : D LC ) m&WStth CI fc . 

;-t-/3t;wy7Ti/y^ 5fy v-f^n^* n 

^ 3 y -f ?W y7°*y h (1997*. 3R30 <7) 
: Ff**3B3 5 7Xj&w»*3 6 25 ( I rite mat i 
onal Conference on Microm 
echatronics for Informati 
on and Precision Equipmen 
t (Tokyo. July. 20-23. 1997) P 
P. 3 57-36 2) Cffitt§*i*J: 3 *1«t£»W 
%Sc&XJ*-y?m. 4- ■ is- ■ T-JU- ■ is- zTj 
•f<-(Elect'ron Cycletoron 
Re s o n a n c e — C h e m i c a 1 Va p e r D 
epo s i t i o n ; ECR-CVD) S^ia^ffiff) 



^Tffi-C«JHLfcDLC«fcJt^SP3«^tt36*»<, 

is&kn&mzwm-r&coi: nmzijy^^-^im. 
-3. -t<vtcio*miT'ii. xvi-i'rt-ommzfSM^- 

tcWWTD LCR£«*-*-*«liat=LTrt8MS:»j£m> 
AW". fcfcvMi. ^WDLC|R£«*fto$fciaaMHc<7D 
»HfflL. ^yf-u^-^m^^^oiz-th. 

[0005] 

[ *HH<0H»O»!B ] tiTtCC <0«W«OSWS W 

[0006] mmm 1 

[0007] mi ii*m&>j&&7-c!-7szwLmmm& 

fflW 2 . * >-fW<-l 3 . ±SB4«IKJ| 4 . ±SI*3g 

9 mx-frfo l ti&mm DLcit. ts&co&mm t mm 

&£;WaTV">&. tfy^-wc-JISJiv-yay. se-fb> 
i£T'MLitf«iDLCit'*yfL^/s'-t**l.? 

mmmmm 1 < srta»e*&n^«-rawt»o. 

[0008] 02{i*j%HBcO^E7-a-^i{|)fcitffl«git 
<73SSt^iO®*Sr^L^:X?lB-C'S> S . 

[0009] JS H a a ffi^r{4^" (100) T'S>-I» m$ 0 . 4 
mmcO^y 3yffi*£2 1 ±^H$ 1 0 0 nmOBl-ft^U 
3>'TS>2. J 'N-h-vx^/12 25:a®L. JK'jyy'57 
-f — h^JEti'f ^yi'/fy/t4 0 0 0 n mE37jCO/\: 
/N*^-y$-M-h*vx^«2 2(c^-rs (02 

(a) ) . 

[00 10] A7-zy/Sfi^A-K7X7l2 2^ 

f - y^T->- ^ >-s^ 2 1 izmmnmm^-r: x^m l . 

*<0«/n- FVX7J12 2 5r#-fk7f<^l!tc J: 0K0l^< 
(02 (b) ) . *8Hf:#'J r /-A7Ri§??5£m^^'j3 

. »ftBB*lft*< ( 1 0 0 ) <7)y 'J 3 y*«Sr^ 
ffl^-2»> (111) ffiOx-yf-y^i&S^gvvt*'). x 
■/fy/(:il l ?:«* { S2 ( b ) t,z^£ oft&w 

• [00 1 1 ] A-KVX?JI2 2£Rfc*i£. i^yrjyg 
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WL2 1 JbfcT»88HRfli 23 b LZmm 1 0 n mCOA V 

mM2 4bLXmm3 0nmCO^-?y. ttV^^-M 
25tLT§UP600 nmtfOMft^llrJ^, -±«P&S®I 
!§26 t LXWM3 0 nm«f^y, ±§5^*^*2 7 
fc LT^i¥l 0 n m^y-f^ ••/ 7T— 7j£rffr£L 
fciWMJDLC||*-t#t€')ft*lll»t^MW4 (E3 2 

( c > ) . TUfcmwm 2 3 m/±Mtimmm 27^ 

[0 0 12] 7/- Kfc#V— FI8!fcttE£8fflllU S 
JtffittSSK JS v vc T- ? St* £ 3 6 . # V— K * - 

j^t, ^sicia« (r-^«»tP9*> eft 1 ). * 
Hi 9 -i-CSISLfc*-^^^^ v(C+)jK£dU5*i. 

2 1tcfT*»^^. W8KDLCJKS#j£*-.4. 
l,TUS*ffl>fi:*&iS£- (sp3 : 80Z) , 

[0013] 2^jet6wr!iTgp^ffiia 2 3»t/±jHK 

fSiUS 2 7 commit 1 O n m b LfilW. 3nm*'f>5 0 
ft&MStJfl 2 4 &V±»&a6BW 2 6iia«<?WVC y ^ 

p«k j: r>mm-z> . ^swsfif<rrtiT**«wi2 4 a 

t/±35&KffiJS2 ecnttmzWM&eyM^fyb Ltz 

—M2 5t,zMM6 0 0 nmtfOg-fbvynv^ftfflL^^' 
<«B=5:Jf iaSRC^rS i 5 fc: . mm. & - 

[0014] J:*|CftSJK«2 7 £«J1 LfcfiL *U 

S}g2 l±fcTW«*J«»2 3, T»A**2 4. 
fl/A'-1 2 5 . ±gfc£Jg)SiJI 2 6 . Jig5«^MJi 2 7 

(02 ( d ) ) . tffatt«0JBttfcH3 ( a > teSH\ * 
HMfiajT'JiiJIO . Olmra. I§0. lmm«UiI 

tut**, H3 (b) iz7rk-rm^vi>x^\ 

[00 1 5] TS»1SIS2 3, TS4M24. 
■f-UX-m 2 5 , ±^JS)K« 2 6 . ±«ftXR/B 2 7 

s^yf-wc— <7>»«Kasife«. im&28bLxm 

$0. 3mm. i(S2mm. 4 mm<7)5PB i arfgit^& 
(02 (e) ) . 

[00 16] «l*3B2 8£ff»L<:&» «SM=#fflMfc«r 
y>A7k?fvg&ffl^-c^y3ya^2 1 Sr^-r^tfC 

2(f)). 



[00 17] d«9fii#t£ffi^TAFMlC±5!S^i§®«9 
[00 IS] %ttOT2 

m^^tzmAo^ra-y^mmmmz^^xmm 

[0019] m'Hi^m<o^ra-rsmMmma 
cr>mmz^-tm£:®x'$> & . T*«*iwi4 1. 

UM-J14 2 . ±SMRI4 3 . ±tf09RSW4 4A> 
TSW8RB814 1 ii^SSCT 1 b fflmizfi V-x 

^^--rthztizxnmm^t^-ox^h, ^<r>tz 

-Jf 4 2 ItXtM 1 HaK= -> y a v . gg-ft: y'jayfe 
& v ^iM-ft y'J3 yX'X't* X^^-h . ±M£mmm 4 3 (i 

niifeM 1 fc c: z&mLxmtnmwjfacoiii 
mmiffo^<r>v—-^cr,mmtLxmm-th. ± 
ac^sRMJi 4 4 { sT^^^ii 4 1 1 m tmmco* v- 
ir<7? T-7&x-ft& Ltzmmm d l c mxmmm 1 
b mmzti i/i-v-;<.—i l zti*frz>Tm.mMmm 4 1 < 

[0020] ■%mk&<ni£^zi—7&MMmU3\L$k 

mm 1 > R«^^Tfffi!c-rs c t ^'-c-s s . ^mwi 1 

\,zhh. ^mMmx'tt. ttmnY-vvy^itz. 
ttmis&kw&b xtiwttz b % cox.*;u*—mtfn 

b^:hcDXStmm'Pi,zM Y )&tix J ^r< . »»csp3*# 

imfrbi8&z*ix^&^m'¥i l z\±m%< l znr)&tsz. 
btfx^h. ^mmmxii. 4 * y^xmz xh^m 
«fltDLc«jg«aiciitfffVK mx 

mi OQcmIilT^^t-#. 9K%KM(=i F-b'y^ 
LT. TppliViltf^b LX B 2 H 6 2rigAS-fr# V-r -f 

^. 

[002 1] HUM 3 

[0022] H5J±*»W)^6ra— r»«ilfflfi5#t 
IK^M 5 2 . ij V* W\*-Ji 5 3 . ±SP^M@ 5 4i' 

^^:?». nitwi. »jfiffli2K*L3t3eaKro-rm 
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c o o 2 3 ] ii6 it*mi<7)7g£.y-u-7'mmmm$t 
[0024] mmm 1 1 mmiz®Mm*&tf (ioo) 

X'h%B%: 0 . 4mmi0i/ i ;=?>^lz6 1±£J5£ 1 0 
0 nm«j/'J a>"C-<5S^— Kv*?JS£«JlU 

'J ^A*^{cJ: SS^ftx-y^-^^T-^'J 3 y£IK6 

*Wfc**i8K: J: ■) K 0 ^ 'J n ^2£*£ 6 1 ±tDMSM 
Jf 6 3 fc LT KB 1 0 n m£Oi^«D L C §1*:^ V -7* 

<7?7-;ffit«it8 (06(a) ). 

[002 5 ] ^^Jl 6 3 £fi£m» 3fc U V /57 < - 

Oft<3»#£»L«0^£lfc*-*-* (H6 (b) > . 

Tgl5^Sil6 4tL-CWJ53 0nmC0f-^y. 
* W<-JI 6 5 fc isXmme 0 0 n mcOM-fti-- 'J 3 
>". ±S5^S^J16 6i:LTK<13 0aniO^-^>-$:^ 
'*i-mSliSt:W«f * ((16(c))). 
[0026] 4^Jt0rrU«»ieiS6 3Wli(i 1 0 n 

ICJE t T ^S^. TSfc£JSJByf 6 4 3H/LhS«fc 

sibw 6 6 {iii^oxv * -y ? mmt,z£ o sm-t s . *n 

ttttCttTttftlUM 6 4&t£Jjtt&HRII 6 6 *>*m 

comm. sum zmm-t h z. > i>-*imz'$> h. * yf- 
<-m 6 5 {±iisoc v d mx-mt^ y ^ y-^fsjg-r • 

*SUfiWT{i*V^-UyC-JS6 5(3KJg6 0 0 nm 

bus. *r**ssi*ik«»?r«fi-c**. 

[0027] _fcJ5&J£ffiiJS6 6 £«JiLfc«, 3feU 

5 7 -i:Rf&tt -< y j-y-rzmm lx •> y 3 >- 

21*56 1±C^SKJ16 3. Tgfc£Jg/i6 4. *ytu 

a-ji 6 5 . ±&±mm 6 6 . ± : metmmm 6 7 tc ± 

6(d)). *eOf&, ffil#ie6 7 fc LTJIS 0.3m 
m. i2rara, I$4mra(?)if Jgfffl, (06 
( e ) > . 

[ o o 2 s ] &ni$6 7 zmmLfzm. mmzimik* 
v •yjxjmmzm^x i/ur ymme 1 zmfr-tz 1 1= 
«t o^Bg^^ro-ysmMfflfiiifKi^-r^ (m 

6(f)). 
[00 29] HSSCT4 

[0030] H 7 lz&mm®\<r)l£&7v-7ffiffiLMMt% 

Mem®***. *$m<r)ftmmmn 3*mK 5 



7 < -Jy7X. 3 7 ( 1998^) fgl 5 6 5X£»&ff 
1 5 695 (M. Ishibashi e t a 1 . . 3 
7 (1998), PP 1565-1569)' WcEMts! 

futjfetrn-yy -«Bsatc. as«E7 1 

HJB^SJi. ^as««3t*rn-7wataia?«-7 3. 
mm7 5frt>teh. %£.7'v-7mmm\m\7 3(± 

Ta5^m«®7 6tTSP^PJ17 7. #yfU/<-| 
78. ±M*WM7 9. ±»««afflH8 0 
TSC^«7 7St>*JigPK^8 0ii^y-7 r 'f y?T 

-?i&z£ himnv Lcmx'hh. t»««W7 6 

BJBtt* 1 -^* 0. MO £T2BiS£if§l^f 7 7(cJ: *)W. 
fotiX i^S. TS5^JSMJ1 7 6 <05fcjS»$h6*8Iv 

SttSr-'t^-yeiffli-c* . T$$&mmm7 6«t»«* 

3^ 7 7 tc i 0 M^ftT ^ h fz#>%& L T t tirixh Z t 
%<ffiWX'£2>. mWlt&.T<0£ol,zLXfto. -t%*> 

TU-&mmm7 6 tss7 1 tcomuzm&zmmL 
xm\7 3 j; o ^^p < 3^cm^ *at 4 c > ± 

«Srf«|-1-i. »Bffl8iE#t7 3£ffl^L-C*Siffifflfiil«t7 
3£g«7 ll^tc«J±*eniDt=fc* { <?>^4^l6x^-^ 
SP7 5(cJ: yM^e^K^I&Jtcid^L. ffi®fflSst7 3 
£ U- h m 7 2*fflt=»r> T^3H" S C tc: i «j &M 

BfJL * - i: fc: J: 0 S^^Mtc hMlz «t 4. 

[003 1 ] »Sgil5 

st. av-t< ■v?T—?mzz.-?xnhi\hw.mT> 
i~cm<mmw'&z^t*it. mitzm-tmsx'yn- 
ymmmmmuzmm Ltzm&comifccommizn ^xm 

TSP^BMil 1 . ±Sf^P.® 5ii^ixm 1 Onmfc l 
T(e&& i: Sitf^^^t < [S]±-TI. vl 1 1?£>fr-> 

«rttaUtv^KW«4»^^B**l:li^A^ (Sec 
ondary Ion Mass S p e c t r o m e 
try ; S IMS) . X'/fX7 xx (Hydros 
en Forwardscattering Spec 
t r ome try; HFS) Wz:^XWMLti. M9 

7£Z'<Titi&mt ttitmm Lrzyo-ymmmmmt 

14. 5 n mcr)®%fc&£m^X'&t>tl£l8imf&<7)7^ 
yx^? V W&Mimi OtZTsk-rXoKcZ.'^cotf'JA 

mmmvxm irzt*. e - ? aafc&« 1540-1 
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5 s o c m- 1 commmm ( a s > t . e-?&ga< i 3 

2 0— 1 3 6 0 c nr 1 tfDj&^SBW ( Ad ) SOjfc ( Ad/A 
g) -CPffir^ToTt. 09^g|g:',;:J:*U£. Ad/Ag# 

o. saTvm&nimmzm^y'n-y'msimmm 

COO 3 2] 

L.T}3I#+^®CC^!«D L CMS- MS LX ^btztb. 

mm^&zmm-r h c: t tfx-z & . 
mi} ^mco^.y'^—y'mmMmm^m^.^ 

[02 } ( a ) - ( f ) l±*WWC0^7'u-7&fflM 

[ HI 3 ] ( a ) 52:0 2 <7)^-ro-:/IRgt££ffl8!lf Off 
*a35£T^ JiX^Pffill. < b ) (i0 2 iO^ro- 

0, 

[04 3 ^^o^r o - ymmMmm^tnm z ?n 

-T^^0. 

[06 1 ( a ) - ( f > li^^JlO^ro-ymSfcl! 

[01 3 
SI 1 




[07] ^mmnm&y'n-ymvmmmmtztLZ 
0. 

[0s] mizmm^&mmm<pcr>*mttm.ty"n- 
[09 } m^w^hmm&^y-?^*-^ wwt 

(Ad/Ag) tT-D-y^SiMffl^^WnOffi^. 
[0103 y-?>X*<9b)V<W—9ftm.*:ttWl. 

1 -TSi^iSsJglJl. 2-Tgfc£SS£JI, 3»-AyW< 

W., 2 2-a-K?X^1. 2 3-T3fls£3tJBUI. 2 4 

KB, 2 7-±SJ8!»«l. 28-«#», 4 1-TSU 

v. 4 4-±aaa«i. 4 l-Tamaawi. 51 — 

SSHBBflT 5 2— TW&WBL 5 3-*>fW<-i, 
5 4-±*A«JS. 6 6 3-0t*K», 6 4 

Sii. 6 7-fiWi. 7 1-lt. 

7 3-WK 7 4-Kt4^aftX-r-^'gf[, 7 5-HB 
IttSISfe i f - - ^'IfflWaJ - 7 6 ■ • -T«±mm 
«. 7 7-TffSSRBt*. 7 8-*yfl/A-I. 7 9 
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m z 



(a) («) 
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m3 
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[H7] 
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CH81 

SI 8 
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